We find that those European regions ranked in the EIS as showing better performance in high-technology areas, are ranked somewhat differently according to DEA. The results of our study show that the higher the technological level of a region, the greater is the need for system coordination.
Introduction
Within the context of increasing globalisation, regional differences are becoming more apparent. The goal of marginal regions is to close the gap with the more developed regions; that is, to enable economically underperforming regions to catch up with more prosperous ones. One of the core aspects of economic growth is technological progress, which it is assumed is triggered by innovation.
Since to induce and/or manage innovations is a multi-dimensional, social, interactive and complex task, analytical studies of these issues must be wide ranging, and encompass the whole system of innovation 2 . Most of the existing approaches in this area focus on the in depth examination of a particular region to explore its RIS (BRACZYK et al., 1998) ; investigation of the internal relations among the actors involved (KOSCHATZKY et al., 2001) , and assessing the importance of institutions (TÖDTLING and TRIPPL, 2004) . In short, the focus is on the operation of a successful RIS (DÍEZ, 2002) . A RIS can be defined as combining a variety of regional settings in order to provide an environment that is conducive to innovation (FERNANDEZ DE LUCIO et al., 2003) .
It is important to measure system performance as a whole, rather than European countries and regions. However, when we examine the data in detail, several problems arise, and particularly in relation to cross-country benchmarking analyses, due to the heterogeneity of European regions, the multi-dimensionality of IS, and differences in the criteria applied by regional (and national) statistics offices.
Based on the indicators provided by the most available data, (R)IS are generally seen as pure technical input-output systems, with an emphasis on the amount of resources employed. However, this simple focus on the empirical assessment of (R)IS performance (based on one or a number of fairly isolated indicators) may provide a biased picture. There is agreement in the literature as to the lack of suitable measures (INZELT, 2004 ) not only with regard to benchmarking system performance, but also to the in-depth evaluation of the particular features of the system (KUHLMANN, 2003) . Thus, there is an urgent need to achieve some balance between the data provided by empirical assessment and qualitative analyses in providing an evaluation.
What type of analytical approach should we adopt to studying an IS? And/or which indicators need to be incorporated (and how) to capture the true performance of a (R)IS? These are complex questions and, in fact, require some judgement calls. But, it is nevertheless important to establish how the performance of a complex system such as a (R)IS should be evaluated in a broad sense and to define the appropriate approach and the most suitable indicators.
In this paper, we measure RIS performance by comparing the multi-input/multi- that are invested, the more competitive the system will be. Thus, we believe that although identification of these resources is important how efficiently they are exploited is even more important. It is not evident that those regions with the highest incomes (highest value added, GDP, etc.) are also the most efficient ones (SUSILUOTO, 2003) . The efficiency of use of a system's resources is indicated by the degree to which these inputs generate soaring returns, or whether output results fail to reflect the amount of investment.
Analytical Approach
As indicated above, our aim is to discuss the application of frontier approaches commonly used to estimate efficiency, to the context of regional innovation. The aim is to measure technical, cost, and allocative efficiency (FARRELL, 1957).
Since we are dealing with S&T indicators in order to illustrate regional performance in innovation, we assume that a RIS can be characterized by the efficiency of the input-output relation, based on consideration of all relevant inputs and outputs. , and also includes regional GDP as one of the main outputs of a RIS. These indicators are used to identify those regions with the highest investments in high-tech R&D and innovation related activities as being the leaders, but take little account of regions with future potential, and those that require specific innovation policies.
In our view, this offers a partial picture of the European landscape, focusing only on high-tech activities and underestimating aspects such as organizational and social innovation, entrepreneurship, and the contribution of low-tech SMEs.
According to the data available from the EIS, based on these seven regionalized indicators, two composite indicators can be derived: (1) the RNSII (Regional National Summary Innovation Index), which explains the position of every region within its home country, and (2) the REUSII (Regional European Summary Innovation Index), which refers to the positioning of every region compared to the European average. The indices are calculated as follows:
(1) Since the Scoreboard indicators are resource-based indices, a region that invests more resources and thus obtains a higher RRSII, will be ranked higher than regions whose investments are lower. However, this does not mean that the competitiveness of the former group will be higher (i.e. their RIS is better) than that of other regions. The efficiency measurement approach aims at providing information about the use (misuse) of these resources. Due to the different perspectives of these two approaches it is possible that different 'best practice examples' will be identified and could, rightly or wrongly, become the blueprints for well meaning but perhaps mistaken, policy adjustments.
Methodology
The accurate empirical evaluation and explanation of any unit's performance is a very complex task, regardless of the analytical context. Generally speaking, In other words, considering patents only as innovation outputs (which they are)
and not also as inputs (benefits) for industry in general should perhaps be reconsidered (GRILICHES, 1990).
Due to the lack of any other regional indicator for output in our study we use Taking this into account we checked our estimates for those regions with a relatively high ranking in both indices; i.e. comprehensive RIS and highly efficient use of available resources. We found some regions that might be for the Spanish RIS (see Table 1 ).
[ Table 1 In this way, efficiency estimates provide direct answers when considering an inadequate allocation of resources (too much of x n , not enough of x n+1 , etc.).
The calculation can be broken down to show efficiency in relation to each
. The following could be applied to analyse existing inefficiencies, arising from under-or over-allocation of a particular input:
where X is a i x j matrix of inputs as defined above, and E is a i x j matrix of input efficiency levels. Hence, if E = X it follows that TE = 1. E ≠ 0 refers to TE < 0.
Thus, we can empirically measure whether a certain input is allocated and used to the best advantage, with respect to the frontier, which may serve as a useful . Institutional restrictions have to be considered, and their role could be analysed by regressing the TE-scores for the effects of an ad-hoc selection of explanatory variables reflecting the current status of the institutions in each system. This will be the subject of a future study 23 .
Conclusions
In this study we set out to evaluate RIS performance. We based our approach on a well known methodology comprising efficiency measures used to gauge RIS performance in terms of technical efficiency. Underlying this research is the fact that although the amounts of resources within a RIS are important, it is not evident that those regions with larger amounts of resources are the most efficient ones.
In order to test the proposed methodology (DEA), we constructed a European Current policy is based on a systemic view and the interpretation of the agents involved. Based on our research, we would recommend that a combination of the methodology presented here, with qualitative analyses and other sources of information provided by empirics, should be used as the basis for the decision making process to provide better information at the start of a new policy cycle.
These types of evaluations should provide useful information not only for those responsible for defining new innovation support policies, but also for the whole set of agents participating in the RIS. This should ensure an interactive process enabling regions to develop from being passive innovation producers (adopters)
to becoming new learning and social systems.
